Applying insufficient nitrogen (N) in a highly responsive crop, such as corn, results in lower grain yield, quality, and profits. On the other hand, when nitrogen is applied in excess of crop needs, profit is reduced and negative environmental consequences are likely. The objective of this study was to develop and employ a sensor-based algorithm to determine the mid-season N requirements for deficit-irrigated corn in Coastal Plain soils. The algorithm was developed using varied prescription rate N plot on two soil types. The test plots received nine different rates of N fertilizer, replicated 5 times in plots of each soil type using a Randomized Complete Block design. A 6-row GreenSeeker optical sensor was used to measure plant NDVI, between the V6 to V8 growth stages. The sensor readings were used to develop an algorithm to be used in the estimation of side-dress N application in corn. The NDVI sensor readings were collected at the V6 to V8 growth stage during the 2015 and 2016 growing seasons correlated with actual corn yields (R 2 > 0.68, p < 0.001). In-Season Estimated yield (INSEY) was used along with the actual yield to produce a yield potential for each growing season for deficit-irrigated corn crop. In summary, the algorithm developed from the NDVI readings reduced N application rates by 21% and 34% in soil types 1 and 2, respectively, compared to the normal grower practice (226 kg N/ha) with no reduction in corn yields.
Introduction
Applying the proper rate of N for a crop is one of the major management deci- sions for producers. When choosing N rates, farmers need to carefully consider both achieving the most profitable economic return and advancing environmental stewardship. Applying insufficient N for a highly responsive crop, such as corn, results in lower grain yield, quality, and profits. On the other hand, when N is applied in excess of crop needs, profit is reduced and negative environmental consequences are likely. On average, growers in the USA apply about 160 kg N/ha for corn, for a total of 5.6 million metric tons annually [1] . High production costs increasingly motivate growers to reduce crop input costs while maximizing yields to stay competitive in the global market. For example, a 20% reduction in N usage could save corn growers over $1.2 billion annually.
Nitrate-N is highly mobile in soil, especially in the sandy soils of Southeastern Coastal Plain region of the United States, and is a major source of surface and groundwater contamination. Previous experiments [2] [3] reported that when high amounts of N are accumulated in the soil, it becomes highly susceptible to leaching, which could then contaminate the ground water.
In the Coastal Plain region, considerable soil variation occurs within production fields in soil texture, water holding capacity, and other characteristics, which could have a significant impact on fertilizer management strategies. Field variation affects the growth and development of plants, and a tremendous amount of growth variability is often correlated with changes in soil characteristics across the production field. In Coastal Plain soils, the yield response to N fertilizer also varies significantly among different sections of a production field, even in small fields [4] and high correlations have been observed between soil electrical conductivity (EC) and crop yields [5] . Therefore, uniform application of N fertilizer over the entire field can be both costly and environmentally questionable [6] . The solution lies in matching field variability with the appropriate N-rate. One way of maintaining adequate soil N fertility levels without exceeding crop N requirements is to tailor N inputs to meet the specific crop N requirements [2] . The technology to do this is known as variable-rate, sensor-based nutrient management.
Several researchers have developed algorithms for N fertilization based on optical sensors [4] [7] [8] [9] . However, due to higher annual precipitation, significant variation in soil type and texture, low soil organic matter content, and low nutrient holding capacity of soils in the Coastal Plain region, N-application algorithms developed in other regions, either under-or over-estimate N rates for crop production. During a three-year study at Clemson [4] [10] , N fertilizer applied based on the algorithm developed at the Oklahoma State University (OSU) [9] , reduced irrigated cotton yields by 15% compared to standard farmer practices (one uniform N rate across the entire field). The OSU algorithm, recommended 66% less N. During a 2013 study at Clemson, the algorithm developed at OSU [11] , overestimated N rates by 11% in winter wheat production, without affecting crop yields. Therefore, there is a need to develop sensor-based nitrogen-algorithms for corn, specifically designed for Coastal Plain region, to ac- 
Objectives
The objectives of this study were to: 1) develop/refine an algorithm for prediction of side-dress N requirements for deficit-irrigated corn utilizing the plant Normalized Difference Vegetation Index (NDVI) and soil electrical conductivity data, and 2) compare the Clemson algorithm to a typical grower's practice in terms of effects on corn yields and plant N requirements. was equipped with four sets of nozzles (booms) selected to apply 1×, 2×, 4×, and 8× rates, with 4 independent pumps for controlling nitrogen rates. The rate controller (developed at Clemson University) selected combinations of these nozzles to apply the desired application rate (Figure 1(B) ). Ground radar sensors were used to adjust the desired length over which each application rate was applied.
Methodology
A commercially available optical sensor, the GreenSeeker 
The RT-200 mapping system (Trimble Inc., Sunnyvale, CA, USA) utilizes six separate optical sensors that were retrofitted to a John Deere 6700 Hi-Boy self-propelled sprayer (John Deere Co., Moline, IL, USA) ( Figure 2 ) and could map the center six rows of the eight-row plots. Sensor data were logged on a 1 Hz cycle, and were captured and stored on a Trimble Nomad handheld onboard computer that was also linked to a Trimble Differential GPS receiver (Trimble Inc., Sunnyvale, CA, USA). The NDVI data were transformed and stored as a shape file that could be exported to any GIS software, to be analyzed and averaged based on plot design.
The sensor readings were used to develop the algorithm to be used in the estimation of side-dress N application for deficit-irrigated corn. The collected NDVI data were used to calculate the In-Season Estimated Yield (INSEY) [11] : 
where NDVI NRCS = highest NDVI reading from the NRCS, and NDVI FIELD = NDVI reading from plots of each management zone. The predicted attainable yield (YP N ) with added N was calculated as [11] :
where YP 0 is predicted yield, calculated from the algorithm developed during 2015 and 2016 (Equation (8)).
The predicted attainable yield should not exceed the maximum corn yield Region of South Carolina. The N fertilizer rate was then determined as:
where YP 0 = the predicted yield, %N = the percentage of N in crop seeds after harvest (1.25% for corn), and NUE = N use efficiency (60% for corn) [14] .
Results
In 407.8e
In the Coastal Plain Region of South Carolina, the typical farmer practice for corn under irrigation is to apply a flat rate of 226 kg N/ha. During 2016 growing season, the Clemson sensor-based algorithm was compared to a typical grower's practice in terms of effects on corn yields and N requirements. The results ( Figure 6 ) showed that the sensor-based nutrient management reduced N rates by 21% and 34% in zones one and two, respectively, compared to traditional farmer's fixed rate practice without any reduction in corn yields. Applying side-dress N corn yields by 12% and 5% in zones one and two, respectively, compared to grower's standard production method ( Figure 7) . However, the yield increases were not statistically significant.
Conclusion
Overall, there was a good correlation between combined sensor readings collected during 2015 and 2016 growing seasons (V6 to V8 stage) and actual corn yields (R 2 > 0.68). In-Season Estimated Yield was used along with the actual yield to produce a yield potential for each growing season for deficit irrigated corn crop. The Clemson algorithm, reduced rates of N, 21% and 34% in soil types 1 and 2, respectively, compared to the grower standard practice program (226 kg N/ha) with no reduction in corn yields. This technology has a potential to apply N where it is needed in the field at an optimum rate, which will help our growers to reduce production costs, increase farm profits, while enhancing 
